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ABSTRACT 

H I 1225+01 is an intergalactic gas cloud located on the outskirts of Virgo cluster. Its main 
components are two large clumps of comparable H I masses (Mhi ~ 1O 9 M ) separated by about 100 
kpc. One of the clumps hosts a blue low-surface-brightness galaxy J1227+0136, while the other has no 
identified stellar emission and is sometimes referred to as a promising candidate of a "dark galaxy" , an 
optically invisible massive intergalactic system. We present a deep optical image covering the whole 
H I 1225+01 structure for the first time, as well as a collection of archival data from ultraviolet to far- 
infrared (IR) spectral region of the brightest knot "Rl" in J1227+0136. We find that Rl has a young 
stellar population of age 10-100 Myr and mass ~ 1O 6 M , near-IR excess brightness which may point 
to the presence of hot dust with color temperature ~ 600 K, and relatively faint mid- to far-IR fluxes 
corresponding to the dust mass of up to ~ 100M o . Overall, it seems to share the general properties 
with low-metallicity blue compact dwarf galaxies. On the other hand, no optical counterpart to the 
other clump is found in our deepest-ever image. Now the limiting surface brightness reaches down to 
Rab > 28 mag arcsec -2 for any emission extended over 10" (comparable to Rl), which is more than 
one hundred times fainter than the brightest part of the companion galaxy J1227+0136. 
Subject headings: Galaxies: dwarf — Galaxies: individual: J1227+0136 — Galaxies: ISM — Galaxies: 
star formation — intergalactic medium — Radio lines: galaxies 



1. INTRODUCTION 

The intergalactic gas cloud H I 1225+01 was dis- 
covered serendipitously in early 1989 during routine 21 
cm line observations at th e Arecibo 305 m telescope 
(jGiovanelli fe Havnesl Il989h . It was found at a suppos- 
edly blank patch of sky, toward a location which is on the 
outskirts of Virgo cluster and is close to the supergalac- 
tic plane. The systematic redshift was precisely mea- 
sured (~1280 km s -1 ), but the distance of the cloud is 
uncertain due to its no n-trivial infall motion into Virgo. 
iGiovanelli et al.l (jl99l[ ) proposed it is away by 0.7-1.5 
times the distance of Virgo (~16 Mpc), depending on 
model assumptions. H I 1225+01 has an extended struc- 
ture across ~ 35', corresponding to the physical scale 
of 200^20 kpc where d 2 o is the distance of the cloud in 
units of 20 Mpc. It consists of two (NE and SW) clumps 
separated by 17', or IOOg^o kpc, and a bridge compo- 
nent connecting them (see Figure JH). A subsequent Very 
Large Array (VLA) observation (Chenga lur et al.lll995f ) 
showed that the two clumps have similar peak column 
densities of about 1 x 10 21 atoms cm -2 . The NE clump 
has a larger H I mass of 2.4 x 10 9 g^o^o? which ac- 
counts for a half of the total H I mass in H I 1225+01. 
The SW clump has 1.3 x 10 9 d 2 oM e , and the rest of the 
mass is contained in the bridge and surrounding faint 
components. 

In spite of the similarity in H I emission features, 
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the two clumps have a crucial difference in their optical 
counterparts (OCs). Shortly after the discovery of H I 
1225+01, the OC to the NE c l ump was identified inde- 
pendently by Diorgovski (1990), llmpev et all (fl990). and 
iMcMahon et al.l (|1990f ) on the Second Palomar Sky Sur- 
vey and the United Kingdom Schmidt Telescope plates. 
iSalzer et al.l (|1991l ) presented a detailed optical imaging 
and spectroscopic study and confirmed that the OC is a 
blue irregular galaxy with an H II-region like spectrum. 
The measured oxygen abundance (12 + log (O/H) = 
7.66 ± 0.03) is less than a tenth of the solar value. We 
call it J1227+0136 (simply from its J2000.0 coordinate) 
throughout this paper. The galaxy is very faint, with the 
central 5-band surface brightness \±b ~ 24 mag arcsec -2 , 
and is indeed reported as one of the ~ 700 local low- 
surface-brightness (LSB) gal axies found in ~ 800 deg 2 
around the celestial equator (jlmpev et al.l fl996). On the 
other hand, no OC to the SW clump has been identi- 
fie d to date. The latest attempt in search was presented 
bv iTurner fc MacFadven (1997|), who reached down to 
27.2 mag arcsec -2 by modal filtering an /-band image 
obtained by 4.6 hr exposure with the Nickel 1.0 m tele- 
scope at Lick observatory. Although the achieved depth 
is about 4 mag arcsec -2 fainter than the brightest part 
of J1227+0136, they failed to detect any optical emis- 
sion associated with the SW clump. Thus it represents 
a suggestive candidate of a "dark galaxy", which may 
be an optical ly invisible precurs or of a dwarf galaxy as 
suggested by ISalzer et al.1 (jl99l[ ) . 

It is still not clear whether truly dark galaxies, in- 
tergalactic large gas clouds without any stellar emis- 
sion, are existent or not. There are both positive 
and negative predictions from theoretical models (e.g., 
IVerde et al.l 120021 : iTavlor fc Websterl I2005D . Their con- 
tribution in number and mass to the local Universe 
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provides vital information for structure formation mod- 
els based on the ACDM theory, which are usually 
tested with (intrinsically) optically visible galaxies (e.g., 
Matsuoka & Kawara 2010; Matsuoka et al. 2011a), ac- 
tive g alactic nuclei (e.g. JMatsuoka et al.ll2008l : iMatsuokal 
| 2012l). and o thers. Based on the past observations, 
Briggs (1990) showed that dark galaxies should be ex- 
tremely rare; space density of objects like H I 1225+01 is 
estimated to be a factor of one hundred less than that of 
galaxies of comparable H I mass. Hunting for such a pop- 
ulation is one of the scientific drivers in latest blind H I 
surveys such as the H I Parkes All Sky Survey (HIPASS) 
and the Arecibo Legacy Fast Arecibo L-band Feed Ar- 
ray (ALFALFA) survey. Although several attempts hav e 
been made (e.g., Doyle et all 120051 : lHavnes et all 1201 If ), 
no secure identification of dark galaxies has been re- 
ported yet. In this regard, we note that some of these 
searches focus on "isolated" dark galaxies without any 
dynamical companions and do not target clouds like H I 
1225+01. Nonetheless, the SW clump is usually referred 
to as the current best example of a dark galaxy candi- 
date, therefore its follow-up studies are of great impor- 
tance as a benchmark for future surveys. Investigations 
of the companion galaxy J1227+0136 as well as any opti- 
cal emission throughout the gas structure are also crucial 
to resolve the nature of H I 1225+01 as a whole. 

In this paper, we present an updated analysis of the 
two clumps by exploiting an original deep optical image 
and a collection of archival data from ultraviolet (UV) 
to far-infrared (IR) spectral region. Although there are 
other two clumps, one called the bridge and another to 
the NNW of the NE clump by ~5', they have not been 
subjects of intensive studies historically. It is simply be- 
cause of their less H I mass and lower peak column den- 
sity by a factor of a few than the main (NE and SW) 
clumps, and their proximity to the largest (NE) clump 
which may indicate that they are more likely tidal fea- 
tures of the NE clump. However, we do not intend to 
deny the possibility that the smaller clumps are intrinsi- 
cally isolated systems and can be regarded as precursors 
of dwarf galaxies. 

All magnitudes measured in this work are presented 
on the AB system, while the B- and /-band magnitudes 
taken from the literature are based on the Vega system. 
The distance of H I 1225+01 is d 2 o in units of 20 Mpc. 

2. OBSERVATION 

The original deep op tical image was obtain ed as part 
of our ongoing project (|Matsuoka et al.ll2011b[ ) to search 
for 1 /Jim excess sources in the United Kingdom Infrared 
Telescope (UKIRT) I nfrared Deep Sky Survey (UKIDSS; 
lLawrence et al.ll2007t ). We used a wide-field mosaic CCD 
camera MOA-cam3 mounted at the prime focus of the 
Microlensing Observations in Astrophysics (MO A) 1.8 
m telescope (Su mi et "aT1l201l[ ). The telescope has been 
build on Mt. John Observatory, New Zealand, by Nagoya 
University in collaboration with the University of Can- 
terbury. MOA-cam3 is equipped with ten 2k x 4k CCD 
chips and provides ver y wide field of vie w of 2.18 deg 2 
with 0".58 pixel scale (jSako et al.l 120081 ). Our project 
utilizes a special i?-band filter characterized by broad 
spectral coverage from A = 6200 A to 8700 A with the 
similar effective wa velength to that of the Sloan Digital 
Sky Survey (SDSS; lYork et al-ll2Q0Qh i-band filter. 



The observations of the H I 1225+01 field were car- 
ried out on nine nights in 2012 January and February. 
The average seeing was 2 ".9 with a significant night-to- 
night variation (up to ~5"). The poor seeing condition 
is acceptable in this work focusing on extended emission 
with relatively large (>5") apparent sizes. We obtained 
83 shots of 5 minute exposure, for total integration of 
6.9 hr. In order to minimize the effects of large scale 
non-uniformity of the detector sensitivity and fringing, 
we configured the telescope dithering pattern so that a 
given field was observed on several different CCD chips. 

Data reduction was performed in a standard manner. 
Dark current signals have been measured on each night 
of the observations, and were subtracted from the science 
frames. Flat fielding was achieved by using dome flat im- 
ages. Fringing patterns of the CCD chips were estimated 
by stacking flat-fielded science frames without offsetting 
(that would compensate for the telescope dithering), and 
removed. Finally the science frames were stacked into a 
final deep image, after manually removing artifacts such 
as satellite trails. Photometric calibration was achieved 
by referring to SDSS i-band magnitudes of bright (15- 
18 mag) stars within the observed field of view. Thanks 
to the similarity in effective wavelengths of the MOA R 
and SDSS i filters, we found a very good linear correla- 
tion between the two sets of magnitudes with less than 
0.1 mag scatter (root mean square). 

3. RESULTS AND DISCUSSION 

The reduced image of the H I 1225+01 field (31' x 
28') is presented in Figure [TJ On top of the stellar 
(and nebular) distrib ution, we show the VLA H I emis- 
sion map obtained by Chengal ur et al.l (jl995[ ). Our data 
cover the whole H I structure and provide, to our knowl- 
edge, the deepest-ever image of the field. We first derive 
some physical properties of the OC to the NE clump, 
J1227+0136, and then present the results on a search 
for optical emission from other regions. 

3.1. NE clump 

The galaxy J1227+0136 is clearly detected at the H I 
peak position of the NE clump. Its close-up view is given 
in Figure El As is previously known, the galaxy has 
a highly irregular morphology with the brightest knot, 
which we call "Rl" hereafter, at close to the galactic cen- 
ter. The J2000.0 coordinate of Rl is R.A. 12 h 27 m 46 s .l, 
decl. +01°36 m 01 s . We carried out photometry of the 
galaxy within an elliptical aperture of 140" x 100", so 
that most of the visible diffuse light is collected and con- 
tamination from surrounding sources is minimized. A 
point source "SI" marked in Figure [2] is excluded since 
its much redder color than the rest of the e mission in the 
aperture indicates it is a foreground star (jSalzer et al.l 
119911 ). We estimated the underlying sky brightness and 
its uncertainty from mean and scatter of the background 
levels measured at several, relatively blank fields outside 
the aperture. The obtained total and surface brightness 
are 16.02 ± 0.04 mag and 25.51 ± 0.04 mag arcsec -2 , re- 
spectively. We also measured brightness of Rl within a 
circular 12" aperture, which results in 17.93 ± 0.01 mag 
and 23.08 ± 0.01 mag arcsec -2 . The presented magni- 
tudes have been corrected for the Galactic extinction as- 
suming Ay = 0.062 mag at the line-of-sight to the galaxy 
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Fig. 1. — MOA i?-band image of the H I 1225+01 field (31 ; x 28'). The contours represent the VLA H I emission map and are 



logarithmically spaced at 5.0, 11.0, 20.5, 41.6, 84.2 170.1, and 345.6 x 10 18 
shown by the dotted circle at the southeast corner (Chengalur et al. 1995). 



atoms cm 2 . The clean beam size of the VLA observation is 



(jSchl egel et a Ol998[ ) and the extinction curve presented 
bvlPel (fl992f T 

J1227+0136 has also been imag ed by the SDS^E and 



5 Funding for the SDSS and SDSS-II has been provided by 
the Alfred P. Sloan Foundation, the Participating Institutions, 
the National Science Foundation, the U.S. Department of Energy, 
the National Aeronautics and Space Administration, the Japanese 
Monbukagakusho, the Max Planck Society, and the Higher Ed- 
ucation Funding Council for England. The SDSS Web Site is 
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sity of Chicago, Drexel University, Fermilab, the Institute for Ad- 
vanced Study, the Japan Participation Group, Johns Hopkins Uni- 
versity, the Joint Institute for Nuclear Astrophysics, the Kavli In- 
stitute for Particle Astrophysics and Cosmology, the Korean Sci- 
entist Group, the Chinese Academy of Sciences (LAMOST), Los 
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Fig. 2. Close-up view of J1227+0136, the OC to the NE clump 
of H I 1225+01. The large ellipse (140" x 100") represents an 
aperture used for the photometry, in which a foreground star "SI" 
is excluded. The brightest knot "Rl" and the 12" circular aperture 
on it are also shown (see the text). 

the UKIDSS0 Large Area Survey. We inspected the im- 
ages retrieved from the archives and found that, although 
they are much shallower than the MO A R image, the 
brightest knot Rl is visible in all but UKIDSS K band 
data. The measured magnitudes of Rl within the circular 
12" aperture are summarized in Table [TJ The Galactic 
extinction has been corrected as above. In addition, we 
found that the galaxy was observed in 2006 June and 
July by the Spitzer Space Telesc op£\ (Spitzer) wit h the 
Infrared Array Camera (IRAC; Fazi o et all [2004) and 
the Multiband Im aging Photometer for Spitzer (MIPS; 
iRieke et al.ll200l . The AOR keys are 17567232 and 
17574144 for the IRAC and MIPS observations, respec- 
tively. Rl is detected only in the two shorter- wavelength 
IRAC bands (3.6 and 4.5 /mi), in which the brightness 
was measured as listed in Table [TJ We provide 3<r up- 
per limits of flux in IRAC 5.8, 8.0 /im and MIPS 24, 
70 /im bands where no robust detection was confirmed. 
We used the 12" aperture in all but the MIPS 70 /im 
band, in which an alternative 32" aperture was used in 
consideration of the relatively poor angular resolution. 
Appropriate aperture corrections were applied to these 
Spitzer magnitudes by referring to the IRAC and MIPS 
Handbooks. 

Alamos National Laboratory, the Max- Planck- Institute for Astron- 
omy (MPIA), the Max-Planck-Institute for Astrophysics (MPA), 
New Mexico State University, Ohio State University, University of 
Pittsburgh, University of Portsmouth, Princeton University, the 
United States Naval Observatory, and the University of Washing- 
ton. 

6 This work is based in part on data obtained as part of the 
UKIRT Infrared Deep Sky Survey. 

7 This work is based in part on observations made with the 
Spitzer Space Telescope, obtained from the NASA/ IPAC Infrared 
Science Archive, both of which are operated by the Jet Propulsion 
Laboratory, California Institute of Technology under a contract 
with the National Aeronautics and Space Administration. 



TABLE 1 

Photometry of the Brightest Knot "Rl" in J1227+0136 





Band 


Magnitude 
(AB mag) 


Flux 
(mJy) 


SD^ 


u 


18.14 ± 0.06 


0.20 ± 0.01 




9 


17.89 ± 0.06 


0.25 ± 0.01 




r 


17.89 ± 0.06 


0.25 ± 0.01 




i 


18.11 ± 0.09 


0.21 ± 0.02 




z 


18.22 ± 0.23 


0.19 ± 0.04 


UKIDSS 


Y 


18.16 ± 0.12 


0.20 ± 0.02 




J 


18.15 ± 0.23 


0.20 ± 0.04 




H 


18.29 ± 0.26 


0.18 ± 0.04 




K 


> 17.8 


< 0.27 


IRAC 


3.6 /im 


18.97 ± 0.07 


0.094 ± 0.006 




4.5 /im 


19.00 ± 0.07 


0.091 ± 0.006 




5.8 /xm 


> 18.5 


< 0.14 




8.0 /xm 


> 18.4 


< 0.16 


MIPS 


24 /im 


> 17.0 


< 0.60 




70 /im 


> 12.2 


< 48 
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Fig. 3. — Broadband SED of the brightest knot "Rl" in 
J1227+0136, based on the SDSS, UKIDSS, and Spitzer magnitudes 
(dots and arrows; the latter represent 3cr upper limits). Several 
model SEDs are shown by the lines; the power-law fit F\ oc A -2 4 
(blue dotted); the best-fit SPS model (blue solid); hot dust repre- 
sented by a modified blackbody with T = 600 K and A -2 emis- 
sivity (red solid); the sum of the SSP and the hot dust emissions 
(red dashed); and the DUSTY model of II Zw 40 normalized to 
the observed upper limit in the MIPS 24 /im band (red dotted). 

It is evident from Figure [3] that J1227+0136 Rl has a 
very blue spectral energy distribution (SED). The 0.3- 
5.0 jam SED is well described by a single power-law func- 
tion, F\ oc A -2,4 . We estimated its stellar properties by 
comparing the SDSS and UKIDSS magnitudes to a stel- 
lar popul ation synthesis (SPS) m odel provided by the 
GALAXEV (jBruzual fc Char lot! [2003) code. A simple stel- 
lar population, in which all stars are formed in an instan- 
taneous starburst, is assumed in the SPS calculations. 
We adopt two values of metallicity, Z = 0.02 Z and 0.2 
Z , in consid eration of the gas- phase metallicity ~0.07 
Zq found by Sal zer et al.l (|1991[ ). The age grid was t age 
= 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, and 10 Gyr. The 
fitting results based on the least-x 2 method are summa- 
rized in Table El The best-fit parameters without dust 
extinction are Z = 0.02 Z , t age = 100 Myr, and the stel- 
lar mass M st ar = 3.5 x lO^o The reduced x 2 value, 
X 2 ed = 1.5, indicates a reasonable agreement between the 
observed and model SEDs. We show the best-fit SPS 
model in Figure [3l The higher metallicity Z = 0.2 Z re- 
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suits in a slightly worse fit and younger age solution (£ age 
= 10 Myr), due to the notorious age-metallicity degen- 
eracy. When the effect of dust extinction i s incorporated 
into t he SPS calculations, assuming the iCalzetti et al.l 
(2000[) extinction law and variable Ay values between 
0.0 and 0.5 mag, we obtain t age = 10-30 Myr with the 
derived mass M star = (0.5 - 2.5) x 10 6 ^ M©. There- 
fore, we conservatively conclude that Rl has stellar age 
of 10-100 Myr and mass of ~ 10 6 ^ n M^. T he age is con- 
sistent with the result of lSalzer et al.l (jl991f ) who derived 
t age < 40 Myr for the diffuse LSB portions (not Rl) of 
the galaxy. The whole galaxy seems to contain 10 times 
larger mass (~ 10 7 d^o Mq) based on their analysis. 

At near-IR wavelengths beyond the UKIDSS bands, 
the observed SED becomes apparently red compared 
to the stellar emission model: the predicted and ob- 
served [3.6] — [4.5] colors are —0.5 and 0.0 mag (AB), re- 
spectively. The presence of such a red excess compo- 
nent in galaxies h as been known and discussed for the 
last several years. iLu et all (j2QQ3h showed that the ex- 
cess, found in a sample of star- forming disk galaxies, is 
best explained by hot dust emission with color temper- 
ature T = 750-1000 K, rather than dust reddening of 
stellar continuum. They suggested that this emission 
may be the same component that is seen in reflection 
nebulae and the large-scale interstellar medium of the 
Milky Way. Hot dust in dwarf and irregular galaxies 
has also been indicated and studied by mostly exploiting 
the near- to mid-IR im aging capability of Spitzer (e.g., 
lEngelbracht et al.l 120051 : iHunter et all (20061 ). We found 
that the excess brightness of J1227+0136 Rl at 3.6 and 
4.5 jam points to the color temperature of T ~ 600 K 
(a modified blackbody with A -2 emissivity is assumed; 
see Figure [3]) , in agreement with the hot dust origin for 
this component. The estimated mass in this dust pop- 
ulation is ~ 3 x 10~ 5 M^ (mass absorpt ion coefficients 
ftabs were taken from lLi fc Drainel l2001f ). Meanwhile, 
we note that other mechanisms such as strong Bra line 
and nebular continuum emissions are also suggested as 
non-negligible contribut ors to these IRAC bands (e.g., 
iSmith fc Hancockll2009D . 

We could not detect the galaxy at beyond A = 5 /im 
(up to ~ 100 /im), where normal starburst SEDs are 
dominated by warm dust and polycyclic aromatic hydro- 
carbon emissions. This (and longer wavelength) spec- 
tral region of low-metallicity blue compact dwarf galax- 
ies (BCDs), which are most analogous to Rl in terms of 
stellar content, metallicity, and size (< 1 kpc), is being 
intensively studied as a testbed for star formation and 
dust evolution p rocesses in high-redshift Universe (e.g., 
iHunt et"a l. 2005). While dust is produced predominantly 
in the envelopes of asymptotic giant branch stars in old 
(stellar age > 1 Gyr) systems, low-metallicity BCDs have 
not evolved enough to have such a production channel, 
and hence Type II supernovae are thought to be the main 
source of dust in these objects. Evidence of supernova 
origin for dust is also seen in large r systems such as lu- 
minous high-redshift quasars (e.g., Maiolino et al. 2004) 
and y oung ultraluminous IR galaxies (e.g. JKawara et all 

HqT3)- 

Although a detailed analysis is hampered by the faint- 
ness of the galaxy at IR wavelengths, here we try to pro- 
vide the upper limits of mass in warm dust (Md us t) based 



on the observed flux upper limits. For this purpose, we 
assume the Md us t to Z/24/im (monochromatic luminosity 
at 24 /im) ratio found in a low-metallicity BC D II Zw 40. 
The d ust mass in II Zw 40 was estimated by lHunt et al.l 
(2005) by comparing its mid-IR to radio fluxes to the 
mode l SEDs constructed from the DUSTY (jlvezic et al.l 
1999) code, which is designed to perform an appropriate 
radiative transfer calculation in dusty environments. The 
monochromatic luminosity at 24 /im was chosen because 
the observed upper limit puts the strongest constraint on 
the amplitude of the model SED (see Figure [3]). The de- 
rived mass is Md us t ^ 100<^20 ^/©> thus the whole galaxy 
may contain up to Md us t °° lOOOc^o ^f© if we adopt 
the same scaling factor as for stellar content (M sta r ~ 
10 6 and 10 T <i 2 o ^© f° r an d the whole galaxy, re- 
spectively; see above). This is rather low compared to 
other BCDs of comp arable or smaller H I masses (e.g., 
iHirashita et al.l l2008). a part of which may be due to the 
fact that J1227+0136 has lower metallicity than most of 
known BCDs. However, the current result is based only 
on the brightness in a single mid-IR band and could be 
significantly altered with future far-IR observations. 

3.2. SW clump 

No diffuse emission associated with the SW clump or 
any H I components other than the NE clump is found 
in the MOA R image (Figured]). The 3<r limiting sur- 
face brightness is 25.2 mag arcsec -2 , which is slightly 
deeper than that achi eved in the previous attempt (only 
for the SW region) bv lTurner fc MacFadvenl (|1997f ). We 
smoothed the image on a 10" x 10" box by taking the 
mode value in each of the boxes, which improved the lim- 
iting depth to 28.3 mag arcsec -2 , but did not find any 
diffuse emission as well in the relevant fields. Therefore 
the OC to the SW clump, if it is present and extended 
over >10" (comparable to Rl), should have the surface 
brightness of more than one hundred times fainter than 
the brightest part of the companion galaxy J1227+0136. 
At the same time, we cannot reject the possibility that 
star formation in the SW clump is prevented/delayed for 
some reasons and the clump is truly invisible in optical 
light. 

The formation process of H I 1225+01 and the na- 
ture of the SW clum p is still not well understood. 
iChengalur et al.l (jl995[ ) concluded that the SW clump 
is an edge-on rotating disk which is kinematically sepa- 
rated from other H I components, based on its geom- 
etry, high central column density, and velocity distri- 
bution. Indeed, its position - velocity diagram is very 
similar to those along the major axis of disk galaxies. 
The inferred rotation velocity is rather small, ~13 km 
s -1 (a few times smaller than that of the NE clump). 
They suggested that the entire H I 1225+01 structure 
was formed via tidal interactions between the NE and 
SW clumps, which have comparable H I mass and den- 
sity and were once dynamically distinct. In that case, 
the clear contrast between the two clumps in their stellar 
contents may hint at some key i n gredie nts of star forma- 
tion process. Ilmpev fc Bothunl ((T997) showed that, on 
the diagram of surface mass density and velocity disper- 
sion, the NE clump departs significantly from the locus 
of normal dwarf/irregular galaxies toward the region in 
which the energy dissipation and subsequent star forma- 
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TABLE 2 

Stellar Population Properties of J1227+0136 Rl 



Dust 


Metallicity 


Age 


Ay 


Mass 




Extinction? 


(Zq) 


(Myr) 


(mag) 


(10 6 4) M ) 




No 


0.02 


100 




3.5 


1.5 (10.7) 




0.2 


10 




0.5 


1.8 (12.9) 


Yes 


0.02 


30 


0.4 


2.5 


0.8 (5.9) 




0.2 


10 


0.0 


0.5 


1.8 (12.9) 



tion are not allowed (based on Efstat hiou fc Silkl [l983). 
Qualitatively, at the velocity dispersion found in the NE 
clump, the surface brightness (corresponding to surface 
mass) of normal galaxies and the NE clump are \±b ~ 24 
and 29 mag arcsec -2 , respectively, while no dissipation 
is allowed at \±b > 30 mag arcsec -2 for primordial gas. 
The SW clump has the similar H I mass density and ve- 
locity dispersion to the NE counterpart, but some small 
(but critical) difference may have prevented it from set- 
ting out to the dissipation process. Alternatively, the 
SW clump might be an intimately associated structure 
with the NE clump, such as a large tidal tail created in 
a past merger event that th e NE clump has undergone 
(jTurner fc MacFadvedfl997h . 

Meanwhile, some theoretical and observational stud- 
ies suggest that dark galaxies cannot live long. 
Tayl or fc Webster] (j2005[ ) found that, in the absence of 
an internal radiation field, the gas in a galaxy with bary- 
onic mass greater than 1O 8 M becomes gravothermally 
unstable via H2 cooling and leads inevitably to star for- 
mation. Their model shows that the fraction of the un- 
stable (to star formation) ga s is smaller in galaxi es with 
lower baryonic mass. In fact, War ren et al.l (|2QQ7| ) found 
that the stellar to baryonic mass ratio decreases toward 
lower baryonic mass in ~40 late-type galaxies observed 
in the local Universe, which is consistent with the above 
prediction. They concluded that galaxies with very high 
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H I mass to optical light ratios are extremely rare be- 
cause such systems can only be produced with a combi- 
nation of the physical conditions such as low initial mass, 
shallow dark matter potential, and low-density environ- 
ment. These studies seem to deny the possibility that 
the SW clump, located in the relatively high-density en- 
vironment within the Virgo cluster, is a dark galaxy that 
has persisted and will persist for very long time. 

The fact that the SW clump of H 1 1225+01 remains as 
(one of) the best example(s) of dark galaxy candidates, 
if it is not a tidal feature of the NE clump, for more 
than 20 years since its discovery may indi cate that the y 
are in fact extremely rare, as suggested by Briggs (1990). 
Future studies on such a population will benefit greatly 
from the coming deep and wide optical surveys, e.g., the 
planne d Hyper-Supr ime Cam survey with Subaru tele- 
scope ((Takada 2010), in combination with the existing 
H I surveys such as the HIPASS and the ALFALFA. 
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